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Abstract 

Import of a huge proportion of electricW\e ern African Power Pool, and the 
geographical location and population disip stswana stimulated the need to consider 
renewable eny as an alternative to sport DQ Paper describes a systematic experimental 


attention is given to measurements of air velocity, 
temperature aca solar radi g Wm the selected 5 and 6 clear days of October and 
November, respectively, esults enable the relationship between average 
insolation, temperatu 
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1. Introduction 


Botswana Power Corporation (BPC) oversees electricity generation, transmission, 
distribution and import from abroad. The Morupule electricity generating plant is the sole 
electrical generating plant in the country. The facility is a coal-fired steam plant with a 
maximum generating capacity of 132 MW. The plant employs an air-cooled cog 


temperature from the condenser is believed to be above 100°C. 
It should be noted that presently the electrical system’s maxim 


increase. This raises several questions, the pri 
generating company (BPC) plans to achieve the 
some of the above observations, it is pertinent t 
the Southern African Power Pool (SAPP), which 
2005). It is noted that some SAPP memb 
their maximum demand. The data in Ne 
and demand levels for selected SAPP m} 
Currently, Botswana’s interng 
satisfies only 33% of its de 
requirements to meet its 
and NamPower of Na 
demand for power 
community. As o 


otswana is a signatory to 
995 (SAPP annual report 


h Africa, are the largest among the SAPP 
ed capacity stands at 42 GW, while its maximum demand 
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Fig. 1. Botswana’s electrical system maximum demand and projection data. Source: Southern African Power 
Pool (SAPP) annual report 2005. 
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Fig. 2. Installed capacity and maximum demand in SAPP member states (ex is the Republic of South 
Africa, which has an installed capacity of 42 GW and a maxi mand of 3 . Source: SAPP annual 


report 2005. 


is around 32 GW. As a result, the Republic 
capacity of around 10 OW, which C ply S 


South Affa has an apparent excess 
gion around it, Botswana 
for the creation of SAPP as 
mentioned earlier. Lacie at the wha already in 2001, demand exceeded 
supply, and this is due to powg 

It is pertinent to mentiog “x policy instruments in some Southern African 


Development Communi ies, Botswana and Republic of South Africa 


programmes. of Botswana, the programme is referred to as Rural 
Electrificatio asi bprogramme, the government together with the internal 
transmitter (BPC) provide funds for expansion of the national 
more than 15 villages on an annual basis [2]. In Republic of 


ural Electrification Programme in the Republic of South Africa is 
logs experienced by the historically disadvantaged communities, both 


nually commits between US $1.8 and 2.7 million for the expansion of the 
cation network [5]. 

On the basis of the above observations and available evidence, there is a growing threat 
t the SADC region may face a shortage of electrical energy in the not very distant 
re. The situation would adversely affect member states, Botswana included, with high 
electricity demands which are usually above their internal electricity generation capacities. 
Among SADC member states, Botswana has one of the highest electricity demand growth 
rates, 6%, while the Republic of South Africa presently stands at 3% (SAPP report 2005). 
This also raises several questions, the primary one relates to the future electricity 
generation strategies for Botswana, to satisfy its ever-increasing electrical energy 
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requirements. The paper discusses a systematic experimental study on solar chimney 
technology in Botswana. Particular attention is given to the measurements of irradiation 
solar energy, collector temperature and chimney air velocity. The results provide indicators 
which can be used to predict the performance of a full-scale plant using this technology. 


2. Solar-tower technology 


concept was refined by the German professor, Schlaich [7], w 
transferability of the results from the Manzanares plant. In 19 


between the German government and a Spanish utility. It 
of 122m and a chimney 194.6m high. It produced an 


output of 200 MW [9]. 

The sun’s radiation heats a large body of air, 
move as a hot wind through large turbines to 
power plants, with an output of 5—200 
in diameter, and the tube has to be as 


ed by buoyancy forces to 
l energy. Solar chimney 


leve a large output. With the 
¢ diameter of the base of the chimney 


found in most parts of Botswana. The 

“mately 70% of the country. On the basis of 
need for plans for long-term energy strategies, a decision 
otswana through its Ministry of Science and Technology 


as manufactured from glass reinforced polyester material, with a 
approximately 160 m*. The collector section was opened at ground 


f was made of a 5mm thick clear glass that was supported by a steel 
he floor was made of two layers of compacted soil approximately 10mm 
Shick and a layer of crushed stones. The layer of crushed stones was spread evenly on the 
surface of the compacted soil layer. All these were done to increase the absorption of 
Fent solar radiation. The bottom end of the chimney was bolted on top of a concrete 
stand, and anchored to the ground supports using wires. This was done to ensure that the 
chimney axis lay in the vertical direction with the nozzle located 2.8m from the ground. 

A Kestel 600 Head (48 VDC) turbine with six fixed blades was installed at the exit end of 
the nozzle. In order to monitor the performance of the facility, several parameters were 
measured including air velocity, temperature and solar irradiation. A total of 11 sensors of 
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Fig. 3. Schematic arrangemé imney used for the study. 


three different types werg | o velocity sensors, two temperature sensors, 
adiation sensors were employed to monitor 


ata logger offered important data acquisition and smoothing features, 
ity to use time and boxcar integrators, and to calculate the time 


t runWere then downloaded onto a laptop through a RS232 to a USB connection 


Experimental procedure 


In order to obtain comprehensive data on the performance of the solar chimney, data 
were collected under three different operating conditions. First, point measurements of air 
velocity at the sampling points were recorded, when both the turbine and the nozzle were 
installed. The turbine was then removed and other sets of data were recorded. Finally, both 
the turbine and the nozzle were removed and a third set of data was recorded. Prior to each 
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test condition, each sensor was then tested so that all the relevant data could be recorded. 
When all the initial tests were done, automatic measurements of air velocity, temperatures 
and solar irradiation were initiated. 


5. Results and discussion 


been presented and discussed in this section. This enables the main 
be identified and explained. It should be explained that turbj 


The results in Fig. 4 show insolation, temperat 
5 clear days of October 2005 when the turbin It can be observed that 
imum, corresponding to 
m’. The air velocity then 
remains nearly constant until approxim e increase in solar energy to 
a maximum peak of 950 W/m? recorded at 12:00h. All these lead to the 


ap Qg 
conclusion that approximately 47% of in >? g sola energy is absorbed by the ground 
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Fig. 4. Average insolation, temperature difference and velocity for selected 5 clear days of October (with turbine 
installed). 
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Fig. 5. Average insolation, temperature difference and vel 
October (with turbine removed). 
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Fig. 6. Average insolation, temperature difference and velocity for 6 days between 14 and 21 November (with 


turbine and diffuser removed). 
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which is later released when the local temperature decreases. The peak maximum 
temperature recorded after the peak maximum irradiation reinforces the observation that 
the ground absorbs part of the incoming solar energy which is later released, resulting in an 
increased collector temperature. Figs. 4-6 show variation of the total global insolation, 
temperature difference and air velocity for the selected clear days. It can be seen that 


velocity was in the range 1-2.5 m/s with the diffuser installed and 2—4 m/s with 
removed. 

Overall the chimney operated from 7 October until 22 November 2005. 
removed on 17 October, but data were still collected until 4 Novembe 
was removed from the system. 
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